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BeegeHune

Dra KHMra MpefHazHayeHa I TeX YMTaTelell, KTO yXe yMeeT IIMCaTh Iporpam-
Mbl HA OJHOM (MM HECKOJBbKHX) SI3bIKe MPOrpaMMHUPOBAHMS, HO IIOKA UMEeT Ma-
JIBI ONBIT MPOrPAMMUPOBAHUSA CO CAOXKHBIMU CTPYKTYpaMu OaHHBIX, XOUeT y3-
HaTh, KaK 2(pdeKTUBHO UCIIOJb30BATh PA3IMYHbIE CTPYKTYPhl JAHHBIX U KJIACCHI
MpU 00BEKTHO-OPUEHTUPOBAHHOM IIOAXOAE K MporpaMMmupoBaHulo. B obuiem, sta
KHUrA 11 TeX, KTO XOYeT MOBLICUTb CBOIO IMPOrpaMMUCTCKYI0 KBaTUUKALMIO,
MPUOOPETI HOBBIC 3HAHMI M YMEHHUS B OOJACTU TEXHOJOTHUU PabOTHI CO CIOXKHBI-
MU CTPYKTYpaMU IMPOrpaMM U JAHHbIX.

K coxaneHuto, yacto ObIBAET, YTO, HAYYMBIIUCH MUCATh MPOCTBIE MPOTPaMMBbI 1
W3YYMUB OJIMH $I3bIK TIPOTPAMMUPOBAHUSI, MIKOJBHUKUA WJIW CTYACHTHI CUUTAIOT,
YTO HA 3TOM HayKa TIpoTpaMMUpPOBAHUS 3aKOHYEHa, W Temeph OHW MOTYT TIPO-
TpaMMUpPOBaTh HE XyXe, 4eM JIIoOOH OMBITHBINA TporpaMMuct. MHoraa K sTtomy
JobapisgeTcsl ele U 3HaHWe KOHKPETHBIX OMOIMOTeK M TEeXHOJOTHH, TaKuX Kak
MFC ¢upmbr Microsoft unmu CORBA ¢dupmbel Sun Microsystems. OaHako, oka-
3bIBAETCS, YTO BIAJACHUS JAXKE CaMbIMU COBPEMEHHBIMM TEXHOJOTUSIMH HeaoCcTa-
TOYHO, YTOOHI TTHCATh XOPOIIHe TTPOTPaAMMEL.

B Hacrosiuee Bpemsi BbpaOOTaHO MHOIO MHCTPYMEHTAIBHbIX CPEICTB, C [1OMO-
L0 KOTOPbIX MCTMUHHbIE MacTepa IpPOrpaMMUPOBAHUS C JIETKOCTbIO PelIaoT
ClIOXHBIe 3amayu. Takum o0pa3oM, 4acTo AOCTATOUYHO JMIlbL BbIOpaTh OOHO M3
M3BECTHBIX pelieHMi. Bompoc aulib B TOM, YTOObl 3HaTh 5TU peiieHusa. Ho, K
COXATEHUIO, KHUT, TMOCBIIIEHHbIX PELISHUSIM TPAAMLUMUOHHbBIX 3aay MPOEKTUPO-
BaHM MPOIrpaMM U COOCTBEHHO IMPOrpaMMUPOBAHHUS, He TaK YK MU MHoro. Takas
JluTeparypa TpalulMOHHO I10J1b3yeTcd OOJIbIIMM CIPOCOM U COCTaBISIET 3010TOM
(oHI KHUT IO IPOrpaMMUPOBaHUIO. JloCTaTOYHO HA3BATh JMIIL TAKUE MOHOIpA-
duu, xax [2], [3], [5], [7], [8], 4TOOBI MOHITH, HACKOIbLKO BBICOKO LIEHITCS TaKue
KHUTHU.

KoneuHo, aBTOp He mMpeTeHAyeT Ha TO, YTOOBI BOWTH B 3TOT 30J0TOI (hOHII.
INpennaraemast BamreMy BHHMAHWIO KHUTA CONCPXKWT JUIITH HEKOTOpBIE M30paH-
HBIE aJITOPUTMBI W PEIICHUS, TTOCBSIICHHEBIE, B OCHOBHOM, paboTe co CIOXKHBIMU
CTPYKTYpPaMM JaHHBIX, 1 OTOOpaHHBIE TIO TIPUHIIATY JUYHBIX TIPUCTPACTUI caMo-
ro aBTopa. TeM He MeHee, XO4eTCsT HamesaThes, YTO JaHHAS KHWUTA TTOMOXKET Ha-
YMHAOIINM TIPOTpaMMUCTaM OIIYTUTh BKYC K MTPOTPAMMWPOBAHWIO W TIPUYYNUTH K
MTONCKY 3JIETAaHTHBIX PElIeHWH TPOTpaMMUCTCKUX 3amad. OXHW W3 TIPUBOIAUMBIX
pelreHnit MOKHO 6paTh cpasy ke B KadecTBe TOTOBBIX 0Opa3IoB TpOTpaMM W WX
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dparmedToB. [pyrue Juiib IeMOHCTPUPYIOT HEKOTOPBIA MOAXON K IIOCTPOSHUIO
MPOrpaMM, U caMu IO cebe CIyKaT JMILb IpUMePAMU KOHKPETHBIX PeLIeHUA.

B kauecTBe WHCTPYMEHTATHHOTO SI3BIKA MPOTPAMMHPOBAHUS, HAa KOTOPOM 3aITH-
CBIBAIOTCS BCe MpUMEphl, BbIOpaH s3bK Java. [lomyasipHOCTH €ro B IMocieaHee
BpeMsl HeoOblUaifHO CUJBbHO BbIpocia. Ecium paHblle s3bIK paccMaTpuBajcs, B
OCHOBHOM, KaK CpeICTBO HAIMMCAHUS allIlIeToB I1d cTpaHull MHTepHera, To Te-
Tepb OH BCe Yallle WCMOTb3yeTCsT KaK SI3BIK MPOTpaMMHUPOBAHUST TSl HATTMCAHWS
MPUIOKEHUI, B TOM YMCIe, MPUIOXKEHUI OONbLIOro 00beMa ¢ JOCTATOYHO BBICO-
KUMH TpeboBaHUSIMH K 3(pdekTnBHOCTH 00BEKTHOTO Koja. Pasymeercs, 310 He
ciIyJyaiHo. S3bIK 001a1aeT MHOTMMU IpUBJIeKaTebHbIMU YePTAMU: CTPOrUil, XOTI
W He BCeOOBEMITIONIN, 00BEKTHO-OPHEHTHPOBAHHBIN TTOMXOM, SICHBII W TIONHBIIH
Ha0Op KOHCTPYKUMII S3BbIKA, AOCTaTOYHO Oorarasd u ymobOHasd OuOaMoTeKka cTaH-
JAPTHBIX KJIACCOB W METOAOB, BCTPOEHHBIN cOOpPIIMK "Mycopa”, MO3BOISIONINI
CBODOJHO W yaoOHO paboTarh ¢ NamsTbio. HemaloBaXHbIM CBOHCTBOM $3blKa
SIBJISIETCS TAaKKe €ro YHUBEPCANbHOCTDH TpU padoTe Ha pasauyHBIX TIaTdhopmax
(UNIX, Windows, SunOS u 1p.), XoT nocjie/iHee CBOMCTBO HE UIpaeT HUKAKOMN
ponu B TpenactapiaseMoil kHure. HakoHell, MosiBieHUe W pa3sBUTUE TEXHOJOTHUI
OBICTPON KOMITMJISALIMM KJIACCOB sI3bKa Java B "poaHoil” (native) Koo 1jiT MHOTUX
mnatdopm ("Just-In-Time"-KOMIIMISITOPBI) TTO3BOJIUIO WCTONB30BATH SI3BIK TaM,
rae TpedyeTcs: ObICTPBIA KO,

ABTOp He INpennojaraeT y CBOMX UMTATENeil MeTaJbHOro 3HAaHMM sI3bika Java u,
TeM Oosiee, MHOTOUHCIIEHHBIX Onbnuotek Java-monyneit. TTo cBOUM KOHCTPYKIIM-
SIM A3bIK OJIM30K KO MHOIMM PAaclpOCTPaHEHHBIM $3bIKAM — IIPEXIe BCEro K
C++ u obbeKkTHO-opUeHTHpoBaHHOMY TlacKaito, Tak 4YTO MbI HajeeMmcsl, YTO Y-
TaTead, 3HAKOMbIE C OJHUM M3 ITUX SI3BIKOB, CMOIYT IOHMMAThH IIPOrpaMMBbI Ha
Java 6e3 ocoboro Tpyaa. ABTOp HajeeTcsl, UTO JUISl yuTaTeseil, He 3HAKOMBIX ¢
MpOrpaMMHMpPOBaHUeM Ha Java, KHUra MOXeT MOCIYXMTb AOMOJHUTEIbHbIM CTH-
MYJIOM K €r0 U3YYeHWI0 W UCTIONb30BAHUIO.

B kHure MHOTO MpUMEpOB MporpaMMHOTo Koma. HasepHoe, MOXXHO cKa3aThb, YTO
OCHOBHAs 4acTb MHGOPMALIMK COAEPXKUTCSI MMEHHO B IIPOrpaMmax, IosToMy 0e3
WX TIIyOOKOTO M3YUeHMS, a MOXeT ObITh, W MCIONHEHNUS Ha KOMIIbIOTepe, KHUTA
OymeT mouytu Oecrnone3Hoil. Ellie pa3 moBTOpIOCH: HECMOTPs HA TO, YTO B KHUIE
WCIOTB3YIOTCA TOJBKO OCHOBHBIC KOHCTPYKIIMM W CTaHAApTHBIE OMOIMOTEKN
sa3bIKa Java, Bce K€ OHa He gBIsgeTcs YYeOHHUKOM IO S3bIKY, TAK YTO OT YUTaTe-
Jielt Bce e TpebyeTes 3HaHWe OCHOB TTPOTpaMMUIPOBAHMSI.

Knwra coctont 13 cemn maB. B mepBEIX IBYX TiTaBax TIpUBeAeHO omMcaHne 6a3o-
BbIX CTPYKTYP JAHHBIX U AITOPUTMOB; B OCTAJIbHBIX — IPEACTABIEHbI IIPUMEPDI
pelIeHnsT pasTUnIHBIX 33134 ¢ UCTIONb30BAHNEM 3THX 0A30BBIX U JAPYTHX CTPYKTYD
JAHHBIX ¥ aITOPUTMOB.

B eaase I BBomdTCS CTPYKTYphl JAHHBIX, MCIIOJB3YEMbIE 3aTeéM Ha MPOTSKEHUU
Bcero nambHelero manoxkeHms. OTMHcaHBI CMOCOOBI TIPEICTABICHUS B SI3BIKE
MpOrpaMMHpPOBaHusl Java TakKMX HM3BECTHBIX CTPYKTYp HOAHHbBIX, KaK MaCCHUBbI
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(¢ PUKCUPOBAaHHBIMHM U ILIABAIOIIMMU I'PAHULIAMM), CIIMCKK, JEPEBbsI, MHOXECTBA
" Tpadbl.

B eaae6e 2 BBOIMTCS TIOHATHE aBCTPAKTHOTO TUTA MAHHBIX, aKTHBHO WCTIONB3YIO-
Imeecs 3aTeM Ha TPOTSKeHWH Bcell KHUTH, a Takke TIPUBEACHBI 0a30BbLIE ajiro-
PUTMBI 06pPabOTKH CTEKOB U JIEPEBLEB.

B erage 3 onucheiBaeTcs elle OJMH U3 OCHOBHBIX TUIIOB AaHHBIX — cTpoka. Ilpu-
BOOATCS IPUMEPBl Pa3iNUYHbIX CIOCOOOB IMPEACTABIEHHUSI CTPOK, OTBEYalolIue
Pa3AMYHBIM MOTPEOHOCTSIM B HAIIMCAHUU AJITOPUTMOB 0OpabOTKU CTPOK.

I1a6a 4 1enVKOM TIOCBSIIIEHAa CUMBOJLHEIM MTpeoOpa3oBaHUSIM BBIpaskeHWIT. BEI-
60p WMEHHO 3THX aTOPUTMOB OOYCIOBIICH JUYHBIM WHTEPECOM K HWM aBTopa,
OHAKO BBIPAXXEHWSI OKA3LIBAIOTCH OUYEHB TIPOCTHIM W YIOOHBIM MaTephajoM, Ha
KOTOPOM MOXHO TIPOAEMOHCTPHUPOBATh MHOTHE MHTEPECHBIC TTOAXOABI U TIPHEMBI
MTPOTPAaMMHIPOBAHMNS.

B e1a6e 5 npuBeaeHbl MpUMeEpPbl HEKOTOPLIX KIACCUYECKUX AJITOPUTMOB 00pabOTKuU
rpagoB. OnATh ke, He MpeTeHays HA IMOJHOTY OIMCAHUSA, aBTOpP BbIOpAT HEKOTO-
pbie U3 AOCTATOUYHO MPOCTHIX M, HA €ro B3I, MHTEPECHBIX AJIFOPUTMOB. DTO all-
FOPUTMBl HAXOXIAESHHWST KpaTJyalIInMX MyTeil MexXIy BepllMHaMu B rpade, a Takxe
ITOPUTMbI HAXOXIEHUS MUHUMAIBHBIX OCTOBHBIX IEPeBbEB (CKeneToB) rpada.

I1a6a 6 MocBgIIeHa TEXHOJIOTUN TIOCTPOCHUST TPOTPAMM, TIPW KOTOpPOI OCHOBY
MPOTPaAMMBI COCTABIISIIOT OOBEKTHI, OOMEHUBAIOLIIUECS MEXIY co0Oi coobIeHNsI-
MH. OOBIYHO Takasl TEXHOJOTHSI TIPUMEHSIETCS TOJNBKO JUISL TIOCTPOCHUSI OYeHb
OOJBIIUX TPOTPAMM, TAKMX KaK OTepalliOHHBIE CUCTEMbI, CHCTEMBI TTpOTpaMMHU-
poBaHMsI U T. T. JlocTaTOUHO MPUBECTH B KauecTBE MpUMeEpa ONepalinoOHHYIO CHC-
teMmy MS Windows. Tem He MeHee, B 3TOl TJ1aBe TIpeACTaBIeHBl TTPUMEPhI TOCTa-
TOYHO TIPOCTBIX TPOTPaMM, B KOTOPBIX TIpUMEHEHWE TAHHOTO ITOAXOAa TaKKe
MOXeT OBITh ONpaBIaHo, XOTs, KOHEYHO, CYIIECTBYIOT U Hojiee MPOCThIE CITOCOOBI
pelieHust TPUBOJAUMBIX B 3TOM TJ1aBe 3a1ad.

Haxonen, B eza6e 7 npuBOIUTCSA OAMH M3 HETPAAMIMOHHBIX CIIOCOOOB IpeacTaB-
JleHus uHdopMauy — QYyHKIIMOHAIBHOE MpeAcTapieHue. Takoe mpencTaBieHue
yaiie BCero MCIMOab3yeTcd B (PYyHKUMOHATHHOM MPOrpaMMUPOBAHMHU, OAHAKO dd-
K€ B TPaAMLMUOHHBIX MMIEPATUBHBIX SA3bIKAX! MOXHO NPUMEHATH HEKOTOPbIE U3
MOAXOA0B U IPUEMOB (DYHKIIMOHAIBHOIO IporpaMMmupoBanudg. Yacto sto gaer
BO3MOXHOCTh IOJIy4aTb HEOOBLIKHOBEHHO KOPOTKME W M3SILIHBIE IIPOrpaMMbI I
pelieHus cA0XKHbIX 3amay. OngTh XKe, A9 NPUBEASHHbIX B 9TOH ITaBe 3amay, Ha-
BEpPHOE, MOXHO M Aaxke Jy4lle UCIOJb30BATh APYTUe IOAXOIbl, OAHAKO XOUETCH
HE CTOJbKO IPOAEMOHCTPUPOBATH TOTOBOE PEIlleHUe, CKOJBKO ITOAXOA, KOTOPHIA
MOXET MCIOJIb30BaThecs B 0ojiee CAOKHBIX CAydasx.

an/IMCpBI, TIIPpUBOOUMBIC B KHUIE, HE NPEAHA3HAYCHBI I HEMOCPECACTBECHHOTO
KOIIMPOBAHUA, OHU, CKOPEEC, MOL'YT IOCIY2KHUTDH OTHpaBHOﬁ TOUYKOM 11 CAMOCTOS -

I To ectb S3bIKAX, OCHOBAHHbBIX Ha ITOCJI€A0BATEJIbHOM HMCIIOJJHCHUHN OIIEPATOPOB.
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TeJILHOIO MporpaMMupoBaHusa. HecMoTps Ha 3To, BCe MpOrpaMMbl TILATEIBHO
MPOBEPSITUCH U OTIIAXUBAIUCH C UCTIOIb30BAHUEM CHUCTEMbI TIPOTPAMMUPOBAHUS
JBuilder Bepcun 4.0 ¢upmbl Inprise ¢ UCHONb30BaHUEM BEPCUU SI3bIKA, COBMEC-
tumoit ¢ JDK 1.3 dupmer Sun Microsystems.

Astop OnmarogapeH MapuHe BanepbeBHe JIMUTpUEBOI, ¢ KOTOpOl BMeCTe B M3/a-
teabcTBe CIIGIY 5 nmer Hazan ObUL IOATOTOBAEH M BbINYILUEH IMepBblid (CUIBHO
OTJIUYAIONINICS OT 3TOTO) BapMaHT KHWUTH, CBOEMY HaydHOMY DPYKOBOJWTETIO
CaarocnaBy Cepreesudy J1aBpoBy, KOTOPbIi NPUHUMAT aKTUBHOE YYACTUE B MOA-
TOTOBKE TOWM, TIepBOM, KHUTH, a Takxke manareilbcTBy "bXB-TlerepOypr” 3a mpe-
JOCTaBICHHYIO BO3MOXHOCTb U3AAHUS KHUIU.



naBa 1

Cnocob6bl npegcTaBneHns
CTPYKTYP AaHHbIX

0

B sToit maBe oOcykaarTCsl CMocoObl MpeacTaBIeHUsT 0a30BbIX CTPYKTYP MAHHBIX,
KOTOpbIe 3aTeéM OyIyT MCIIOJb30BAThCHA HA MPOTSKEHUM BCEH KHMIUM — MACCHUBDI,
CTIMCKU, JIepeBbsl, MHOXeCTBa, Tpadsl U p. YacTo yxke mocie 3aBepllieHus 3Tamna
MIPOEKTUPOBAHMS BO3HMKAaeT Bompoc: "Kak mpaBWIbHO BBIOPATb CTPYKTYPHI AaH-
HBIX JUISI cBoeil mporpamMmbl?” MHOTAa MOXHO TIPOCTO UCMOB30BaTh OOBEKTHI,
MpenaaraeMbie BEIOPAHHONH CUCTEMOI MPOrpaMMHUPOBAHMS, HO ObIBAIOT CUTYALIUH,
KoTa TIPUXOJUTCS CO37aBaTh CBOM COOCTBeHHbIe 0a30Bbie CTPYKTYpHI, Oojee
MOAXOAdIIMe I Leiedl pa3pabaTbiBa€éMOro IMPOeKTa, YeM CTaHIAPTHbIE "YHM-
BepcaJbHbIe" CTPYKTYpBl. OTO 00BsACHAeTcs MHoXecTBoM mnpuduH. HaubGonee
BECKOI M3 HMX SIBIsIeTCA coobOpaxkeHue 3(P(eKTUBHOCTU paboueil IpPOorpamMMBbl.
JeiicTBUTENbHO, CTaHAApTHBIC CTPYKTYPHI JAaHHBIX, CIIPOCKTUPOBAHHBIE "Ha Bce
clayyad XW3HHU', MOIYT TpeboBaThb M3IHUIIHE MHOIO PEecypcoB, HMCIIOJb30BATh
oYeHb obIIMe, NOJATO paboTarlne alTOPUTMBL U T. JI.

He mipeternys Ha YHUBepCATbHOCTb, MBI PACCMOTPUM HECKOJIBKO 6A30BBIX CTPYK-
TYP U OCHOBHBIE ITOAXOMAbI K UX PEAM3ALUU B MPOrPAMMHBIX MPOEKTaX.

1.1. MaccuBbl

MaccuBBI TAaHHBIX IIWPOKO WCITONB3YIOTCS B S3BIKAX MPOTPAMMHUPOBAHUSA JUTSI
[peicTaBlIeHus] OOBEKTOB, COCTOSIIMX M3 OIPEACJEHHOIO YMCId KOMIIOHEHT
(3MeMeHTOB MaccuBa) OJTHOTO W TOoro ke Tuna (kiacca). O4yeHb yacTo 0a30BO
omepaluy Haj MacCUBOM — HWHIAEKCAIMKM — ObIBAET JOCTATOYHO IS PeLIeHMS
samagn. [lycTh, HampuMmep, pelraercs 3amada KOTWPOBAHWS TEKCTa, B KOTOPOIt
HEOOXOOMMO KaxXaylo OyKBYy TEKCTa IIPeACTABUTb HEKOTOPBIM LEJOYMCAEHHBIM
KomoM. (3amava He WMeEeT OTHOIIEHUS K MHU(POBKe MTMMOHCKIUX JOHECeHWH WTN
obecrneueHUI0 pexxuma cekpetHocTu. CKopee, oHa MpUMEHUMA K "mepeBoiay” TeK-
cTa W3 OTHOM CHCTeMBl KOIMWpOBaHUS B Ipyryio.) Bojee TouHO: HEoOGXOMMMO TTO
3aJAHHOMY TEKCTY (CTPOKE) MOMYYUTb MACCUB LIEJbIX YMCed TOH Xe IJIMHBI, B
KOTOPOM KaXIOMY CUMBOJY MCXOTHOM CTPOKM COOTBETCTBYeT ero kKom. OueBma-
HO, Haubojiee yIOOHBIM CIOCOOOM PpelleHUs TAKO 3amadyud OydeT cocTaBieHue
KOIMPYIOIIei TaGMWITBI — MaccHBa, B KOTOPOM KaXKIOMY CHUMBOJY COTMOCTaBICH
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HEKOTOPbLA LeaouncieHHblid Koa. Ecau cuutarh, 4To KOAbI MCXOAHbBIX CUMBOJIOB
Jiexxar B auamnasoHe ot 1 mo 255, To xomumpymomias Tabauiia MOXeT OBITh ITpe-
CTaBjIeHa CIEIYIOLIMM OIMUCAHUEM.

final static int[] codeTable = { ... }; // 5JIeMEeHTH HE [IOKA3aHEL

(DYHKL[I/IH KOIHUPOBAHUA TEKCTA C IIOMOLIBIO 9TOM TAGJMLIbL HCIIOAb3YET TOJILKO
oIepaunlo MHACKCAIUU MacCrBa

static void doCode (String source, int[] dest) {
for (int i = 0; 1 < source.length(); i++) {

dest[i] = codeTable| (byte)source.charAt (i)];

}

OpHako ellle Jarie BCTPeYaloTCs CUTYAIlM, B KOTOPBIX TOJHKO OTHON OIepalinn
WHACKCAIUKN HemocTaTouHo. HampuMep, ecii MCXOXHBIE KOIBI CUMBOJIOB Paco-
JIOXEHBI B IHara3oHe oT 32 mo 255, To yXe B 3TOM cJIy4ae IOJIb30BaThCs KOMOBOM
TabaMIel Tak, KaK MOKA3aHOo BEIIIE, OKA3BIBAETCS HEYIO0OHO: WHAEKCAIINIO TIPH-
XOIUTCS nenarh co "cMmemeHneM'. He o4eHb TTOAXOMWT MPOCTON MaccWB M JUIS
TaKWX OOBIYHEBIX CHTyallnii, KaK HEMMPaBWJIBHO 3aJlaHHBIN WHACKC (HAIO TeHepH-
pOBaTh MOAXOASAIIEEe B KAKIOM OTACIBHOM Cilydae UCKIIoYeHHe!), TMHAMIIecKoe
JnobaBieHNe WIU yaaleHWe 3JeMEHTOB (Haao TiepepacripeneisiTh maMsaTe!) u T. 1.
Bo Bcex TOAOOHBIX CHTYalUMsIX JIVUIIIE MPEACTaBISATh MACCHUBHI C TTOMOIIBIO 00B-
€KTOB CITeIINaJIbHO CIIPOSKTUPOBAHHOTO KJjlacca, TMOAXOASINETo IS Iejieil Halei
3agayn. Hike mpuBenaeHO omMcaHMe Kiacca JUIST PEIIeHWs] BBHIIICU3I0XKEHHOMN
3a7a9M KOIWPOBAHUS TIPU YCITOBUM, YTO KOILI CMMBOJIOB JIeKaT B "cMeIleHHOM '
IaTa3oHe.

B kauecTBe UCK/IIOUMTENLHOM CUTyalUMy MPU 33JaHWM HElpaBWIbHbIX MHIEKCOB Oy-
JIEM MCIIOJb30BATh CTAHAAPTHBIA KJIACC java.lang.IndexOutOfBoundsException,
OJHAaKO TEKCT COoODIIIEeHMS CTaHEM I CHEPUPOBATb, UCXOOA U3 KEDKLLOPI KOHKpCTHOfI
CUTyaLUU.

INucturr 1.1. OnpegeneHune Knacca Table

public class Table {

int 1Bound; // HWKHAS TpPaHMLA 3JIEMEHTOB
int hBound; // BEpxXHAS T'paHula SIJIEMEHTOB
int[] array; // COBCTBEHHO MACCUB

// B KOHCTPYKTOpPE 3aMailoTCs TPaHMLE CO3IaBaeMOTO MaCCUBa
public Table (int low, int high)
throws IndexOutOfBoundsException {




naBa 1. Criocobbl npenctaBneHusi CTPYKTYp AaHHbIX

// 3mech mpPOCTO BEIBOBEM HPyIOi, Oosiee OOumii KOHCTPYKTOP :

this(low, high, null);

// Crepyoumii KOHCTPYKTOP MMEET elle OOMH IapaMeTp — MacCUB,
// U3 KOTOPOTO OepyTCS BSIIEMEHTH IS HAYaJbHOTO BallOJHEHUS
// HOBOT'O MaccuBa
public Table (int low, int high, int[] iniTable)
throws IndexOutOfBoundsException {
if ((hBound = high) < (lBound = low)) {
throw new IndexOutOfBoundsException (
"KoHcTpykTop Table: HwkHasg rpaHuuia " + low +
" Gompme, ueMm BepxHas " + high);
)i
}
array = new int[high - low + 1];
if (iniTable != null) {
for (int ndx = 0;
ndx <= high - 1Bound && ndx < iniTable.length;
ndx++)

array[ndx] = iniTable[ndx];

// Crepyoumii KOHCTPYKTOP B KAadyeCTBE apryMEeHTa IOJlydaeT
// yxe mMeommiica ofepeKT kiacca Table m cospmaeT ero KOIMo
public Table (Table src) {
array = new int [ (hBound=src.hBound) - (1Bound=src.lBound)+1];
for (int ndx = 1lBound; ndx <= hBound; ndx++)

array[ndx-1Bound] = src.array[ndx-1Bound];

// Peamuszauyvsa onepaluy MHIEKCALVM — BHOOPKM BHAUEHMS 3JIEMEeHTa
public int elementAt (int i)
throws IndexOutOfBoundsException {
if (i < 1Bound || i > hBound) {

throw new IndexOutOfBoundsException (
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"Mumexc " + 1 + " BExomMT 3a I'paHuily Maccusa');

}

return array [i - 1Bound];

}i

Tenepsp peleHue TOM Xe 3a0a4d KOAMPOBAHMS TEKCTA C IMOMOILIbIO Hallleil HOBOMI
KOJIOBO TaGJMIILI MOXET BBIIJISAETh TAK e IIPOCTO, KaK U PaHblIIe:

static final Table codeTable = new Table (32, 255, tab);

static void doCode (String source, int[] dest) {
for (int i = 0; 1 < source.length(); i++) {

dest[i] = codeTable.elementAt ( (byte)source.charAt(i));

}

KoneuHo, ompeneneHue Kiacca Table He SBISIETCS YHMBEPCAIbHBIM U, CKOpee
BCEro, i pelleHus MHOM MomoOHOH 3agauu MmoTpebyeTcs 3amporpaMMUpOBaTh
apyroii kiacc. MoxHo HomnpoboBaTh HAmMcaTh YHUBEPCAJIbHbBIA" Kiaacc, KOTO-
pBlil 3aTeM MOXHO OyIeT MCIIOAb30BaTh BO MHOTMX IIPOTpaMMax, riae Tpedyercs
00paboTka MaccuBOB. Bollpeku HEKOTOPOI TSKENOBECHOCTH, TAKOH KIacc MMeeT
[PaBO HA CYIIECTBOBAHME, AaKXe HECMOTPS HA TO, YTO CTaHIApTHBIE OMOIHMOTEeKa
NoAAep:KKH Java MMEIOT ompelelieHHe TAKOIo CTAHAAPTHOTO KJIAcca — Array.
HecrangaptHoe pellieHue MoXeT NoTpeboBaThcd B TOM Cayyae, Koraa "cTaHAapT-
Hble" CPeICcTBa He MMEIOT BCeX HeOOXOAMMBIX (PYHKIMKA MM CIUILKOM Hedddek-
THUBHbBI AJIS1 MPOEKTUPYeMOil IMporpaMmbl. B jucrunre 1.2 moxkazaHo, KaK MOXHO
caMOMy OIpeNeNuTh MACCUB C "MaBawollueil” BepxHed rpanuiieil. Takoii MaccuB
MOXHO PAacCIIMPITh WM YKOPAUMBATh C IOMOILBIO METOIA resize, a TAKXKE I0-
0aB/IATh B HErO HOBBIE DJEMEHThI (B KOHEL MACCHBA) ¢ MOMOILbIO (PYHKIIMHK add.
g yBeanueHus: oOIIHOCTH B KAYECTBE KJIAcca DJIEMEHTOB MacCHUBa MCIIOJIb3YeT-
Cd KJlacC Object.

INucturr 1.2. OnpegeneHune Knacca DynArray

public class DynArray {
int size; // Texkyumii pasMep MacCuBa (KOJIMUECTBO BJIEMEHTORB)
int maxSize; // pasMep OTBEHEHHON NaMATHU

Object[] array; // cam maccuB (pasMepa maxSize)

// KOHCTPYKTOP MACCUBA. APIYyMEHT yKABHBAET, CKOJIBKO MIaMATHU
// Hamo OTBECTM I[IOI €I'0 SJIIEMEHTEH

public DynArray (int sz)
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throws IndexOutOfBoundsException {

this(sz, sz, null); // ucnoms3yem Be30OB 0Oojiee OBMETO KOHCTPYKTOPA

// B cienyiomeM KOHCTPYKTOPE YKAa3BBAETCs, CKOJIbKO IaMSITHU
// WCHONB3YyeTCsS MOI SJIEMEHTH M CKOJIBKO OTBEIeHO BCEeTO
public DynArray (int sz, int maxSz)

throws IndexOutOfBoundsException {

this(sz, maxSz, null); // wucnomb3yeM BHS3OB Oojiee OOWEIrO KOHCTPYKTOpPa

// Elle OOVH OONIOJIHUTEJILHEN apTyMEeHT COIEPXUT MaCCUB
// OJsa HadaJbHOM MHMUMAIMBaLUM SJIEMEHTOB

public DynArray (int sz, int maxSz, Object[] iniArray)
throws IndexOutOfBoundsException {

if ((size = sz) < 0)

throw new IndexOutOfBoundsException ("OrpuuarenbcHeis pasmep: " + sz);
maxSize = (maxSz < Sz ? Sz : maxSz);
array = new Object[maxSize]; // BBIOEJIEHME [IaMATU
if (iniArray != null) ({ // KOMUpOBAHME BJIEMEHTOB

for (int i = 0; 1 < size && i1 < iniArray.length; i++)
array[i] = iniArrayl[i];

// MOXHO OBUIO BOCIIOJIE3OBATLCA CTAHAAPTHOM GyHKUMel System.arraycopy

// Onepauys BBIOOPKM SJIEMEHTA
public Object elementAt (int 1)
throws IndexOutOfBoundsException {
if (1 <0 || 1 >= size)
throw new IndexOutOfBoundsException (
"Mumexc " + 1 + " BExOmMT 3a I'paHMLE myanaszoHa [0," +
(size — 1) + "1");

return array([i];

// VI3MeHeHVe TeKylmero pasMepa MaccupBa. AprymeHT delta sBamaer
// pasMep MBMEeHEHUS ([HOJIOXUTEJILHENI — yBEIMUEHUE PasMEpPa;

// OTpMULATEJNIbHEI — yMEHbIIEHNE)
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public void resize (int delta) {
if (delta > 0) enlarge(delta); // yBemmMueHre pasMepa MacCuBa

else if (delta < 0) shrink(-delta); // yMeHblIeHVE paszMepa MacCHUBa

// Onepauusa pacumMpeHus MacCuBa
void enlarge (int delta) {
if ((size += delta) > maxSize) { // HeoOXOIMMO BHIOEJIUTL
// HOBEII OOBEM MIaMATU
maxSize = size;
Object[] newArray = new Object[maxSize];
// KOmMpyem SJIeMEeHTEH
for (int i1 =0; i < size - delta; i++)
newArray[i] = array[i];

array = newArray;

// Onepauys yMeHbIIEHUS pasMepa MaCCUBa
void shrink(int delta) {

size = (delta > size ? 0 : size — delta);

// IoBaBieHye OOHOT'O HOBOTO BJIEMEHTA
// (C BOBMOXHEM pacCUMpEeHMEM MACCUBA)
void add (Object e) {

resize(1l);

array([size-1] = e;

Kak 006bdHO, ¢ TIOBBIIIEHNEM OOIIHOCTH HEKOTOPHIE YACTHBIC ACMEKTHI TPUXO-
JIUTCSI PEaTM30BBIBATE HE OYEHB MPOCTBIM KM YIOOHBIM CITOCOOOM, KaK paHbIIe.
TeMm He MeHee, HDYHKINA doCode JUISI TAOMWIILI, TPEACTABICHHON B BHIE AWHA-
MHWYECKOTO MACCHBA, BEIDIAAUT MOYTH TaK K¢ TPOCTO, KaK W paHblile. B mpuBe-
JEHHOM HIDKE TEKCTE TIPOTPaMMBI MPEATIONAaraeTcsl, 4To 3JEMEHTAMU KOIOBOIA
TaOIUITBI CITYKAT OOBEKTHI KITACCa-000JIOUKHA Integer.

static void doCode (String source, int[] dest) {

for (int i = 0; 1 < source.length(); i++) {
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dest[i] = ((Integer)codeTable.elementAt
( (byte) source.charAt (i))) .intvValue();

}

B koHIle pasnena 3ameTuM, 4TO, BOOOIIE TOBOps, sI3bIK Java mpeanaraer pocra-
TOYHO OoraTeiii HabOp CTAHAAPTHBEIX WHTEep(eiicOB M OOBEKTOB IS pabOTHI C
MacCUBaMH. KpOMe VXK€ YIIOMSIHYTOTO KilacCca Array, MMECTCHA TAKKE Gonbiroe
KOJIMYECTBO KJIACCOB U HHTepd)eﬁCOB IUTsT MacCUBOB U MaCCI/IBOHOI[O6HBIX CTPYK-
Typ: Vector, Collection, Map, Hashtable, LinkedList U Jp. MHOTHE U3 HUX
BECbMa YI[O6HI)I JUTST UCTIOJIb30BAHUSI, XOTS HaA HAII B3TJIAH, HECKOJIBKO TSKEIIO-
BeCHBI U YacTo ManoachdekTuBHB. Kak mpaBuiio, Ul cepbe3Hoil paboThl ¢ Mac-
CUBAMHU TIPUXOONUTCS CO3TaBaTh CBON COOCTBEHHBIC KTACCHI.

1.2. Cnuckm

Ecnu MaccuB Becerma 3aHMMAaeT HENPEPhIBHBII YYACTOK MaMSITU, TO CIIMCOK SIBJSI-
eTcsl TIPOCTEHIINM TIPUMEPOM TaK HA3hIBAEMON "TWHAMUYECKONU" CTPYKTYPHI JaH-
HbIX. B AMHaMUYeCKUX CTPYKTypax JAHHBIX OOBEKT COAEPXKUTCA B PA3IUUYHBIX
yJacTKaxX MaMsTH, KOJWYECTBO M COCTAB KOTOPBIX MOXET MEHSTBCS B IpoIecce
padotbl. EnMHCTBO Takoro oObeKTa IOAAEPXKMBAETCI 34 CYET OOBEAMHEHMS €ro

JacTel B ONMMUCAHWU KJlacca.

TMpocTedmvit aunetinbii cnucox TPEACTABISIET cOOOM TUHEHHYIO MOCIeI0BATETh-
HOCTb 2J€MEHTOB. [l KaxIoro U3 HUX, KpoMe IMOCIeIHEro, UMEeTcs CJeaylo-
MW 3IeMeHT M JUTS KaXXIoTo, KpoMe TIepBOTO — Mpenbinynii. CIMcoK Tpaan-
LMOHHO H300paxaloT B BUIE MOCIENOBATEIBHOCTH DJIEMEHTOB, KaXKIbId M3
KOTOPBIX COMCPKUT CCBITKY (YKa3areNb) Ha CHASAYIONINNA W/WIN TIPESIBIIYIITIit
aneMeHT (puc. 1.1), omHaxo ¢u3MYecKd B MPEACTABACHHUM DJIEMEHTOB CIIMCKA
MOXeT W He OBITh HUKAKNX CCBITOK.

| =

]
Y
]
Y

Puc. 1.1. CTpykTypa CBSI31 91EMEHTOB CMmMcKa

TunuyHeli HAGOp omepalMii Haj CIMCKOM OyaeT BKIIOYaTh AOOABIEHUE, yAanle-
HUE U MOUCK ero d3JAeMEHTOB, BBIYMCAEHME JIMHBL CIIMCKE, MOCIeI0OBATEIBHYIO
00paboTKy BceX DeMEHTOB (MTepaLulo) CIUCKA.

Kak m B ciyyae ucrnonb3oBaHWsS MaccUBOB, MHOTHE OUOAMOTEKH (B TOM YHcCe
CTAHAAPTHBIA TaKeT java.util) JJIST TpOTpaMM Ha sI3bIKe Java BKIIIOUYAOT B ceOst
BO3MOXKHOCTD OITMCAHUST U PabOTHI cO "CTAHMAPTHBIMM' CIUCKAMU (HaIlpUMep, Jac-



12 CospnaHue n obpaboTka CTPyKTYp AaHHbIX B NpUMepax Ha Java

TO KCIIOJNb3yeMble KJIACChl Vector U LinkedList). HecMOTps Ha 3T0, 4acTo BO3HU-
KaeT HeoOXOMMMOCTb OIUCAHUS CBOMX COOCTBEHHbBIX CTPYKTYP JAHHBIX B BUAE CIIM-
CKOB, coAepxKallux Oosiee IMOIXONAIIME A1 pelllaeMoil 3amiayud omepainuu, oosee
npocTbie (U, caegoBaresbHO, 0ojee 3PheKTUBHbIE), YEM CTAHAAPTHBIC, WIU 00JIa-
Jaoiye crnennruIecKUMH 0COOCHHOCTIMU (HApUMeEDP, YIOPSIIOUEHHbIE CIIMCKU).

Kaxk mipaBmio, mpu omMcaHWM CITHUCKa B BUAE OTAETBLHOTO Kiacca TPencTaBIsgeTcst
3JIEMEHT CTIHCKA, COAepXKalllMii CCHITIKY Ha CASHYIOMWA W/WMW TIPEeIbIIyIITit
aneMeHT. B mmctmHre 1.3 mpencTaBieHO OMMWCAHWE TIPOCTEHINero ogHOHApaB-
JIEHHOTO CTIMCKA M3 TETBIX YNCEN ¢ TpUMeHEeHWeM omepannii mobaBieHnss HOBOTO
3JeMeHTa B HAYaJlo W KOHEIl CMUCKa, YIaleHWs M3 Havyajga crrucka (yiajieHue U3
KOHIIA CITHCKA He ABJISETCS TUIIMYHOM ollepaliieif UTsl OMHOHATIPABICHHEBIX CITH-
CKOB BBUJIY CBOCHf OTHOCHTENBHOW CIOXHOCTH M Hed(PHEKTUBHOCTH), TOACYET
YucIa 3JIeMEHTOB B CITHCKE.

OObeKThl Kiacca IntList CoIcpKaT CCbUIKM Ha HCpBbeI U IOCNEAHUMA DJIEMEHTbI
CIIMCKA, a TaKXK€ CUYCTYMK 4YMC/ia SJIEMEHTOB, MCHOJIb?)YIOLL[MfICH B (I)YHKLII/II/I, BbI-
JAKIeld KOIMYECTBO JIEMEHTOB CIIMCKA.

INMuctunr 1.3. OnpeaeneHue knacca IntList

public class IntList {
/* Kiacc ListItem mperncraBigeT 3JIEMEHT CHNMCKA,
CBSBaHHEI CO CJIeOylnMM C [IOMOmBI IIOJIA next
*/
static class ListItem {
int item; // BHaUYeHue BJIEeMEHTa CIUCKA

ListItem next; // ykKasaTesnb Ha CIenylIMil SJIEMEHT CIMCKa

// KOHCTPYKTOpP CO3IAHMSA BJIEMEHTAa CIMCKAa

public ListItem(int i, ListItem n) {

item = i;
next = n;
}
}i
int count = 0; // cUeTuMK 4YKuCla BJIEMEHTOB
ListItem first = null; // TEepBLIM 2JIEMEHT CHOUCKA
ListItem last = null; // TOCIemHui SJIEMEeHT CIOUCKA

// CosmaHmMe IIyCTOT'O CHMCKAa

public IntList() {}
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// CospaHmMe KOIMM yXe MMEMEIOCAa CHMCKa
public IntList (final IntList src) {

addLast (src) ; // moBaBiAeT CIMCOK Src B KOHel] coucka this

// IoBaBjieHre BJIEMEHTOB B KOHEL CIUCKA
public void addlast (final IntList src) {
for (ListItem cur = src.first; cur != null; cur = cur.next)

addLast (cur.item); // moBaBiieHMe OIHOTO DBJIEMEHTA — CM. HIIKEe

// IoBaBileHVe sJIeMeHTa B Hauvajlo CIUCKa
public void addFirst (int item) {
// CospmaeM HOBBII SJIEMEHT CIMCKA
ListItem newltem = new ListItem(item, first);
if (first == null) {
// HOBBII 2JieMeHT OyneT ¥ I[NEpPBbM, M IOCJIEOHVM B CHOUCKE
last = newltem;
}
first = newltem;

count++;

// IoBaBieHne BJEMEHTa B KOHEL, COMCKa
public void addlast (int item) {
// Co3maeM HOBHII BJIEMEHT CHOMCKa
ListItem newlItem = new ListItem(item, null);
if (last == null) {
// HOBBIZ sjleMeHT OymeT U NEepBbM, U I[NOCJIEOHUM B CIUCKE
first = newltem;
} else {
// TlpuCoemVHSEeM HOBBII BJIEMEHT K IIOCJIeIHEMY
last.next = newltem;
}
last = newltem;

count++;
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// VioajieHnye NepBOr'O SJIEMEHTA CIIMCKA
public int remove () {

int res = first.item; // comepxuMoe MEPBOIO BJIEMEHTAa

first = first.next; // BTOPO} B3JIEMEHT CTaHOBUTCS I€PBLEM
count--;
return res; // yDaJleHHEl! SJIEMEHT BHIAEeTCS B KaueCTBe pesyJibTaTa

// KommuecrBO B3JIEMEHTOB CIIMUCKA

public int getCount () { return count; }

B IPUBEACHHOM OIIMCAHUMU CIIMCKA €CTb /[Ba CYLICCTBCHHbIX HEIOCTATKA. Bo-
HEPBLIX, HE OIPpEAC/]ICHbl METOAblL AJIAd UTCpAallMM CIIMCKAa, T. €. HET criocoba nepe-
6paTb BC€ OJICMCHTbI CIIMCKd, HE U3MCHAA €ro. Me>1<z[y TeM, UTCpauud CIIMCKA —
9TO OJHAa U3 HauboJjiee 4acTo BCTpECUAIOLIUXCA onepaumﬁ Haa CIIMCKOM. BO-BTOprX,
oIepauy HE 3allUIICHbI OT HEKOPPEKTHOIO ucrnons3opadusd. He zHag nerauen
peanu3anyy, HEBO3MOXHO y3HaTh, YTO IIPOMU3OMAET, €C/IM, HAIpUMep, OyaeT mpem-
MPUHSTA HOMNBITKA YIAIUTh DJAEMEHT U3 IYyCTOTO0 COMCKA (B MPUBEISHHON peaiud3a-
LIMU BO3HUKHET UCKIIOUUTENbHASA CUTYaLIMS NullPointerException).

YeTpaHuTh BTOPOM HEAOCTAaTOK He TIpeacTaBiser ocoboro Tpyma. Hamo nwmib
OMMCaTh COOTBETCTBYIONINE WCKITIOUATENbHBIC CUTYAITUW (MM BOCTIOTH30BATHCS
OMHOW W3 MMEIOINXCS B OUOINOTEKEe) W BCTABUTH COOTBETCTBYIONINE TIPOBEPKU B
omepanyi, KOTopble MOTYT OBITh BEI3BAHBI HEKOPPEKTHO.

YToObl JUKBUAMPOBATH MEPBLIA HEAOCTATOK, HALO CHAYAIA MOHSITb, YEIro XK€ MBI,
COOCTBEHHO, XOTUM, T. €. KaK1e OIlepauudyu Hago OlpPeleIuTb, YTOObl MOXHO Obl-
JIo mepedpaTh 2JAeMEeHTHI cliicKa. OObBIMHO M1 UTepalldM CIMCKA MpelIaraioT ABa
criocoba: BHYTPEHHUI UTEPAaTOpP U BHELUHUI UTEpPaTop.

Brympennuii umepamop — 5T0 METOJ, TO3BOJSIIONIMI BBITTOJIHUTL JJISI KaXKJI0TO
SJIeMeHTa CcIIMCcKa OJIHY M Ty Xe ofepalnio — mapaMmeTp uteparopa (TOBOPSIT, UTO
BHYTPEHHUIT uTeparop "moceltaeTr” ajieMeHThl criicka). st mpeacTaBieHus aToit
orepallii ONuIleM HOBBIM MHTepdeiic, pecTaBIdIONNI KIacchl, conepxaline
GyHKIIMM 0O6pabOTKN BIEMEHTOB.
public interface Visitor ({

void visit (int item);
}
B 3TOM ciyyae utepaTop OyaeT UMETh CASAYIONIUI BUT
public void iterator (Visitor visitor) ({

for (ListItem cur = first; cur != null; cur = cur.next)

visitor.visit (cur.item) ;
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HecmoTps Ha mpocTOTy U 2J€raHTHOCTb TAKOTO PEelleHHs, I10Nb30BATbCI OIM-
CaHHBLIM UTEpaTopoM ObIBaeT HeyaoOHo. Bo-nepBbix, Tpebyercd misa 000 uTe-
palyy ONpenessaTh ONepaluio o0paboTKM KAXIOTO DJIEMEHTa B BUAE OTAEIbHOIO
Kjlacca ¢ METOAOM visit, & DTO MHOIAA IPUBOIUT K HE CIMIIKOM MOHSTHOR
nporpamme. Hampumep, mi1d pelleHus 3a0a4d CyMMUPOBaHMS DJI€MEHTOB CIIMCKa
MOXHO OMpede]UTh CAeNyIOINA Kace.

public class Summator implements Visitor {
int sum = 0;
public int getSum() { return sum; }
public void visit (int item) { sum += item; }

}

B stoMm kiacce Meron visit HCIIOJNb3YETCA 1A J00aBaeHus O4YepeaIHOro JIEMEH-
Ta CIIMCKA K TCKyU.lel‘/JI CyMME. Ecnu [IepeMEeHHAas 1lst UMECT B KAYCCTBE 3HAYCHMUS
HCKOTOprfI CIIMCOK, TO BbBIBECTHU B BBIXOAHOU MOTOK CYMMY €I'0 DJIEMCHTOB MO2K-
HO ¢ IIOMOLIbIO CJICAYIOIINX BbI3OBOB.

Summator summator = new Summator () ;
lst.iterator (summator) ;

System.out.println (summator.getSum()) ;

Bropoe HeynobCcTBO COCTOUT B TOM, YTO C [IOMOIIbIO BHYTPEHHEIO UTEpATOpa He-
BO3MOXHO PEILIMTb TaKue MPOCTeHIliMe 3agaud, KakK, HAIPUMED, MOJIEMEHTHOE
CpaBHEHME [IBYX CIUCKOB. B Takoil 3amaye TpebOyeTcs omHOBpeMeHHas paborta
JIBYX UTEPATOPOB, OMHAKO UTEpAaTOp HE MOXET MpepBaTh paboTy A0 Tex Iop, MoKa
00paboTKa Bcex 2JIEMEHTOB CIIMCKA He OyJeT 3aKOHYEeHa.

B-TpeTbnx, BHYTpEeHHUM HUTEPaTOpOM TPYIHO YIPaBIAThH B CIyYasx, KOTAA WTepa-

A0 TpebyeTcs 3aKOHYNTH JOCPOYHO, HAMpUMeEp, TIPH TTOUCKE ONpeAeeHHOTO
aJIeMeHTa CIHACKA.

Y100HBIM cIIOCOOOM MTEpALUMKU CclMcKa ObL1 Obl TaKOM, IIPM KOTOPOM UTEPaALIUIO
MOHO ObL1O ObI OPraHU30BaTh B BU/E€ OObIYHOIO 1LIMKJIA:

for (<mavare nreparpmo>; <eme eCTb BDJIEMEHTEL>;
<HeEpenTyr K CHAenylmeMy SIEMEHTY>) {

<BBATL OYEPENHON DJIEMEHT>;

<oBpaboraTe OYEPEnHOM SDIIEMEHT>;
}
ITpu Takom criocobe opraHuM3aliuy padoThbl ylipaBjieHue OepeT Ha cedd LUK, Tak
YTO OT BCE€X HEAOCTATKOB BHYTPCHHEIO UTCpATOpA YIACTCA U30aBUTbCS. ﬂeﬁCTBM-
T€JIbHO, TCIICPb HUYTO HE MCIIACT HAM OPIraHMU30BATb Hapaﬂﬂeﬂbﬂblﬁ IIPOCMOTP
CIIMCKOB — JIsA OTOIO B 3droJIOBKE LMKIIA JOCTATOYHO HA4YaTb UTCpaluiO HE OO-

HOro, a cpady AByX CIIMCKOB MU, COOTBECTCTBEHHO, OPraHM30BATh MMEPEMECIUICHUE I10
ABYM CIIMCKaM OJHOBPEMECHHO. ﬂOCpO‘iHOC OpeKpal€eHUue UTECpalMKU TAKXKE HE
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MPEeACTaBIdgeT TPyAa, MOCKOABKY YIpaBAeHHE IMPOCMOTPOM BEIETCSI HE M3HYTPU
cIlMcKa, a ¢ noMoulbto Hukia. Takas urepauus ¢ BHELIHUM yIpaBleHUeM Has3bl-
BAeTCs gHeulHell umepauiiell.

OnuH 13 cnocobOB OPraHU30BaTh BHEITHIOW WTEpali0 — 3TO NMepeHyMepoBaTh
BCcE 3JIEMEHTHl CTMCKAa W BBECTU (PYHKIIUIO (CKaXeM, getElementAt), KoTopas
Oy/ieT BbIJABATh JMEMEHT CUcKa Mo ero uHaekcy. LUk mpu stom mpuodperaer
MTPOCTOW U MPUBBIYHBIA BWI:

for (int i = 0; i < lst.getCount(); i++) {
Object next = lst.getElementAt (i);

<oBpaboTaTe OYEPENHON SJIEMEHT>;

}

MNmeHHo Takast UJeONIOTHSI CITUCKOB ¢ HYMEpPOBAHHBIMU 3JIeMEHTaMM TIpeiaraer-
¢Sl B CTAHMAPTHBIX KJaccax Vector, LinkedList M JAPYTUX Kjlaccax, peanusyro-
IUX CTaHAapTHBIM WHTepdelic List. OaHaKo omnepalusl BBIOOPKHU 3JIeMEHTa 10
€ro HOMEepy MOXeT OKa3aThesl CIAMIIKOM Hed(hdEKTUBHOW TIpU pealu3aliui Crin-
cKa B BUJE Habopa 3JIEMEHTOB, CBSI3AHHBIX cChUTKaMU. JleficTBUTENBHO, IS TOTO
yTOOBI HAMTU, CKaXeM, MOCAeTHNUN 3MEeMEHT CIMCcKa, MOXeT MoTpedoBaThes Mpo-
cMoTpeTh Bech crincok! TMpunercst HaliTh 6osee 3¢hpeKTUBHBIE METOABl OpTaHH-
3aITMW BHETITHETO WTepaTopa.

K COXAJICHUIO, TAKXKE OKA3bIBACTCA, YTO 1JIA OpraHM3allid BHCUIHEIO UTEpaTOpa
HEOOCTATOYHO OIIPEACIUTb METOAbl JJIA BbIINOJIHCHUA 3JICMCHTAPHBIX ﬂeﬁCTBMﬁ,
OIIMCAHHBIX CJIOBECHO B 3darojIOBKE LIUMKIIA B BUIAC <Havare mrepanmo> WU JP.

[lycrb, Hampumep, ompeieieHbl METOAbl Hauyaja urepauuu (start), [POBEPKU
KOHIA crucka (hasMore), Mepexolad K CASAYIOIIeMY 2AeMEHTY (next) U BBIOOPKU
ouepeaHoro syeMeHTa (getCurrent). Torma LMK, OPraHU3YIOLIMA, CKaKeM, TO
K€ CYMMUPOBAHUE 3JEMEHTOB, MOI' Obl BbIIJISLIETh CAEAYIOLIUM 0OPa3oM.

IntList lst;

int sum = 0O;

for (lst.start(); lst.hasMore(); lst.next()) {
sum += lst.getCurrent();

}

DTo mpollle U MNpUBbIYHEE, YeM pelleHue AAaHHOM 3amayu, NpUBEIeHHOE BbIIIE
JUISl CYMMUPOBaHUS 3JIEMEHTOB C IIOMOLIbIO BHYTPEHHEIO UTEpaTopa.

HerpynHo ompenennTh oONMWCAaHHBIE METOOBI — start, hasMore, next,
getCurrent, OTHAKO TIpWBEJACHHOE pellicHNe OyIeT Takke HeCBOOOTHO OT Cephb-
€3HBIX HEJTOCTATKOB. Bo-TIepBEIX, TO-TIpekKHEMY HEBO3MOXKHO OpPTaHM30BATH pa-
6OTY NIBYX WTEpPaTOpOB OTHOBPEMEHHO ¢ OXHUM W TeM Xe CIMCKOM, KakK 3TO
HY;XHO, HampuMep, UTS peIleHWs 3agadyd O TIOWCKEe ONMHAKOBEIX 3JIEMEHTOB
BHYTPU OJHOTO CTIMCKA MW TIPW COPTHUPOBKE cmmckKa. [IpnynHa B TOM, 4TO TIpU
TaKoW peajqn3alny COCTOSTHUE MTePaAllnH MOKHO XPAHUTBHCH TAS-TO BHYTPHU OOB-
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€KTa-CIIMCKA, M 3TO COCTOSHME HE MOJIKHO M3MEHIThCI B MPOMEXYTKE MEXIy
BBI30BAMHU OTAEAbHBIX METOMOB, TAaKUX KaK hasMore () WIH next (). OQHAKO 3TO
ycaoBue OyaeT HapyllieHo IPU IOMbITKEe BbI30BA METOAOB BTOPOrO MTeparopa Ijsd
TOIO € CaMOro CIIMCKa.

Bo-BTOpBIX, 3TOT BHENTHUI WTEpATOp MPEIBIBISET ONpeaeieHHbIe TpeOOBaHMS K
MMOCJIEIOBATEIBHOCTH JEHCTBUI, U B TO K& BpeMsl OUYEHBb TPYIHO MTPOKOHTPOINPO-
BaTh 3TN TpeboBaHUs. [JTaBHOE M3 TaKWX TpeOOBaHWIT — BCSIKas MTEPALNs TOJK-
Ha HAYMHATHCS BBI30BOM METOAA start, B TMIPOTUBHOM CjIy4yae pe3yjabTrar padoTHI
Oymer HempenckasyeM. Elle omHo TpeGoBaHWE — B CUTYAllUM KOHIA WTEpPallNu
('hasMore ()) BGeccMbICIEHHO OOpalllaThbesl K METOJAM next () U getCurrent ().

MoxHo CKaszarb, 4TO HECMOTPA HdA BHECLIHIOIO HE3aBUCHUMOCTbL METOLOB, OIIPCIC-
JIAEMbIX JJ14 OpraHUM3alMu UTEpallly, B OIIMCAHHOM CJI1y4d€ OHU BCE XK€ OCTAIOTCA
3aBUCUMBIMU JPYyr OT Apyra U OT COCTOAHUA O6’beKTa, K KOTOpOMY IIPUMECHAIOTCA.

JIyuyiie Bcero cocpenoTOYUTh BCE OMEpalyy Mo OpraHW3alMU UTepali BHYTPU
0o0beKkTa creluajJbHOro Kiacca, OTAENbHOTO OT Kiacca IntList. B Tmakere
java.util UMEIOTCS CTaHAApTHbIC WHTepdeichl IS KJIAacCoB, PEATUIYIONINX
WUTepaTopbl — java.util.Iterator M java.util.Enumeration. B TiepBoM u3
3TUX WHTepdeiicoB ompeaeieHbl TP MeTofa — hasNext (), next () W remove ().
Merton hasNext () TpeTHA3HAYEH IS TIPOBEPKU, €CTh JIW ellle SJeMEHTHI IJIs1 NTe-
panuu. MeToa next () CIHYXKHWT JJIS BBIIAUYM OYEPETHOTO BJeMEHTa ¢ OJHOBpE-
MEHHBIM "TiepeMellieHueM" uTepatopa K cieaylolieMy 3iIeMeHTy. MeToa remove ()
HYXXeH I yAaIeHWUs] TeKylllero sjeMeHTa M3 CTPYKTYpBl B Mpoliecce UTepalniu.
B uHTrepdeiice Enumeration TONOOHYH Xe GYHKIIUIO HECyT METOMbI
hasMoreElements()PInextElement()(MCTOH,HOHO6Hbﬁiremove(h B 5TOM UH-
Tepdeiice He mpenycMoTpeH). B HalleM ciiyyae Kigacc IntList JOJKeH obecrie-
YUTHh TIOCTPOCHWE U BBIIAYY OOBEKTa Kiacca, peanusylollero urteparop. Ecnm
omepalusl iterator () Kjlacca IntList OyJAeT TeHepupoBaThb U BBIAABATH TaKoi
WUTepaTop, TO UK, Pealu3yiIIuil CYMMUPOBAHNE 3JIEMEHTOB CIIMCKa, OYIET BbI-
TJSJIETh CIEAYIOIUM 00pa3oMm.

IntList lst;
int sum = 0;
for (Iterator i = lst.iterator(); 1lst.hasMore(); ) {
sum += ((Integer)lst.next()).intValue();
}
3aMeTuM, 4TO B CTaHAAPTHOM WHTepdelice uTepaTopa METOJ next () BBIIAET pe-
3YyJIbTAT Kilacca Object, MMO3TOMY B HAIllEM TIPUMEPE MBI BOCIIOJIB30BAIUCH KIAC-

COM-000JIOUKOM Integer I TIPCACTABJICHUS LCITOYUCICHHBIX 3JICMCHTOB CITH-
CKa, MOCJIEAO0BATCIbHO BbIAABACMbBIX UTECPATOPOM.

Peanuzanusa kiacca ureparopa U METOAA iterator () B KOHTEKCTE OMNpeaeaeHUs
K1acca IntList OydeT BhIISAETb KaK B aucTtuHre 1.4.
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NucTtuHr 1.4. OnpegeneHne BHELIHEro UTeparopa ans Cnucka Lenbix

public static class IntListIterator implements java.util.Iterator ({

private ListItem current; // Teryumi sJeMeHT

// KOHCTpYKTOp HTepaTopa

public IntlListIterator (IntList 1lst) { current = first; }

// TlpoBepkKa CymeCTBOBAHMSA CIENyLero 3JIEMEeHTa

public boolean hasNext () { return current != null; }

// BeIIAYa OUEPEIHOTO BJIeMEeHTa CIUCKa
// ¥ nepememeHyre TeKymeTo yKasaTels Ha CJeOYOIMi SJIeMEeHT
public Object next () {

if (!hasNext()) return null;

Integer item = new Integer (current.getItem());

current = current.getNext () ;

return item;

// Tlycrada QyHKUMA!
public void remove () {}

}i

public java.util.Iterator iterator() {

return new IntlListIterator (this);

B peanuzanum xnacca uteparopa cIMcKa oOIpe/elleHUhe MeTo/la remove () JaHO
TOJNILKO JIJISI TOTO, 4TOOBI 0bOecneunTh COBMECTUMOCTh Kilacca ¢ WHTepdeiicom
java.util.Iterator. Hurme B mpuMepe 3ta ¢hyHKIIUS HE UCIONB3YyeTCs, MO3TO-
My B METOJ He BJIOXEHO HUKaKoW ceMaHTWKU. OOBIYHO JUIS MeToAa remove ()
TojJpasyMeBaeTcsl peau3alnsi yaaleHusl odepeaHoro (B Mopsiike uTepaiuu, T. €.
"Texyniero") siaeMeHTa. OnHaKo, BOOOIIEe TOBOPS, HAPYIIIEHUE CTPYKTYPHI CITMCKA
BO BpeMs MTepalluy JOCTAaTOYHO OIMAcHO U MOXEeT MPUBECTU K HEOXMIAHHBIM
s¢dekTam B ciiyyae, KoTa OJUH U TOT Xe CIMCOK oOpabaTbiBaeTcss OTHOBPEMEH-
HO HECKOJNBKUMHU uTeparopamMu. Bo3MoxkHo, Gojee TMOAXOASIIUM JUIS UTepaluu
nHTepdeiicoM ObUT Obl CTaHAAPTHBIM WHTepdeic java.util.Enumeration, Of-
HaKo W 3/1eCh, U B JaJIbHENIIIEM B 3TON KHUTE B OCHOBHOM OYNET UCITOIL30BATHCS
WHTepdeiic ITterator, XOTS Obl TIOTOMY, YTO caM TepPMHH "HUTepaTop” COOTBETCT-
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BYET UMeHU 2Toro uHTepdeiica. YToObl MokKa3zark, YTO AJI HEKOTOPOIO KOHKPET-
HOIo UT€paTOpa OICpalud remove HEBBIIOJIHNMA, BOO6LLLC roBopdA, Hago IreHepu-
POBaTh UCKIIOYUTCIABHYIO CUTYALUIO UnsupportedOperationException, OJAHAKO
B Halllel KHUIe /1S IIPOCTOTHI BO BCEX CIydydsaX Mbl 6y2[eM IIPOCTO OCTABJIATL TECJIO
(YHKUIMHU IIYCThIM.

IMpusenennas peanusaius uTeparopa obeclieyrBaeT camble pazHooOOpasHbIe MOo-
TPeOHOCTU B OOPAOOTKE CMUCKOB. BOT Kak MOXET, HAMPUMEP, BBIISAACTE (DyHK-
1A ITOSJIEMEHTHOI'O CPaBHEHUS JIBYX CITMCKOB.
static boolean equallists (IntList 1lstl, IntList 1lst2) {
boolean equal = true;
Iterator il = 1lstl.iterator();
Iterator i2 = 1lst2.iterator();
for ( ; equal && il.hasNext () && i2.hasNext(); ) {
equal = ((Integer)il.next()).equals((Integer)i2.next());
}
return equal && !il.hasNext () && !i2.hasNext();
}
B npuBeneHHON (DyHKIIMKM OJHOBPEMEHHO 3aIllycKarTcsl BA UTeparopa Hai JBY-
Ms pa3iINYHBIMU CITUCKaMMH. AB CJICAYIOIIEM d)parMeHTe, B KOTOPOM OITpEACICHa
CIJYHKHI/IH, TIPOBEPAIOIIASA, YTO BCC JJIEMEHTBI CITUCKaA PAa3JIMYHDBI, ABA WTEpaTOpa
pa60Ta10T OOTHOBPEMEHHO HAd OAHUM U TEM KE CITHCKOM.
static boolean distinct (IntList 1lst) {
for (Iterator i = lst.iterator(); i.hasNext(); ) {
Integer item = (Integer)i.next();

int count = 0;

for (Iterator j = lst.iterator(); Jj.hasNext(); ) {
if (((Integer)j.next()).equals(item))
count++;

}
if (count > 1) return false;
}
return true;
}

Kaxnplii M3 3amylIeHHBIX HTEPATOPOB OCYLIECTB/ISIET CBOH Iepedop 2JeMEHTOB
CIIMCKA, TAK YTO OHM MOIYT paboTaTh COBEPIIEHHO HE3aBMCHMMO APYT OT Ipyra.

CpaBHUBasT MeXIy cobolf BHEITHWI 1 BHYTPEHHWH NTepaTOPbl, MOXKXHO OTMETHUTD,
YTO KaKIBIH M3 3THX JBYX TMOAXONOB MMEET CBOW TIpenMylecTBa. O MpenMyIie-
CTBAX BHEITHETO MUTepaTopa MBI VK¢ TOBOPWIN, HO W BHYTPEHHWI WTEepaTop MMe-
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€T CBOM MpeumyllecTBa. Tak, MOCKOIbKY JOTMKA paboThl BHYTPEHHETO UTEpATOpa
OmpenenseTcs TONbKO CAMUM MTEpPaToOpoM, OH MOXET I0oJaraTbCsd Ha MHOpsSIoK
MIPOCMOTPa 2JIEMEHTOB, B CJOXHbBIX CAy4yasgX OH MOXET BPEeMEHHO H3MEHATb
CTPYKTYPY U/WJIM 3HAYEHUs, XpaHslluecs B DJAEMEHTaX cIucka, u T. a. Ilo toit
K€ CaMOil MpUYMHE BHYTPEHHMI UTepaTop JIydllle 3aIIUIIeH OT OlKOOYHOro uc-
MOJb30BAHUS — HEBO3MOXHO, HAIpUMep, MOMbITATbCI MEPEeHTH K CAemylolIeMy
9JIEeMEHTY, He HayaB UTEPaLIHIo.

I'm6KoCTh CIIMCKOBBIX CTPYKTYP OCOGEHHO SIPKO TIPOSBIISICTCS TIPH BCTaBKe W yaa-
JIEHWW 3JIEMEHTOB. eficTBUTENBHO, TP 3TOM HET HEOOXOMMMOCTH TIepeMelaTh
3JIEMEHTBI CTTMCKA, JOCTATOYHO JIVIIh 3aMEHUTH 3HAYCHUS HECKOJIHKMX CCBITOY-
HBIX TTOJIeif. DTo MOXeT 3HAYMTEIHLHO YCKOPUTH paboTy MpoTpaMMBI B ciydae
CITUCKOB OOJBITOTO 00BhEeMa, XOTST MOXKET CIYINThCS W Tak, 4TO JJIST TOCTYIa K
3JIEMEHTY CIIMCKa TIOTPeOyeTCsT TIPOCMOTPETh 3HAYNTETHLHYIO YacTh CIIMCKA TTPEX-
7ie, 9eM TpeOyeMbIil aJIeMeHT OymeT HalaeH.

OObIYHO 1151 CIIMCKOB MPEAIAraloTcsl TAKXKe METOIbI, ITO3BOJIONINE BCTABINITh U
yIAISTh DJIEMEHTBI CIIMCKA B COOTBETCTBUM C HEKOTOPHIM KpuTepueM. Hampumep,
JUI TIPeUIOXKEHHOro CIIMCKA M3 LIEABIX Yucea (cM. JMCTUHI 1.3) MOXHO mpenjio-
JKUTb OIEPALMIO YAAJEHUS 2IeMEeHTOB ¢ 3aJaHHBIM 3HaYeHueM. i peanuzanuu
9TOi1 olepaluu MoTpedyeTcs MPONTU BIOIb BCEro CIIMCKA, YA BCE DIEMEHTHI,
colepxKallue KOHKPeTHOe 3HaueHMe. 3[1ech KaK pa3 MoIya Obl MPUTOAUTHCS OIe-
pauus remove U3 MHTepelica Iterator! MbI, OMHAKO, IOCTYIUM MO-APYIOMY U
peanusyeM yaajeHue HeMoCPEACTBEHHO BHYTPU CIIMCKA.

g ymaneHus TTOMHMO yKasaTels Ha TeKYIIMI 3JeMEHT CIHCKa TIPUaeTes Xpa-
HUTH elll¢ W YKa3areJb Ha MPEAbITYIIANA 3JeMEHT. DTO HEOOXOMNMO, TTOCKOIBKY
TpU VIAJICHUH 3JIeMEHTa KOPPEKTHPYETCsT CChITKA, coaepsKamascsad B TIPEIbIay-
IeM 3JIeMeHTe CNUcKa. B mpwBemeHHOM peamw3allii METOJ BO3BpalllacT 3Hade-
HUE true, €CIW XOTS OBl OAMH 3MEMEHT CIMcKa OBUT yaaleH, U false — B MPO-
THBHOM CJTy4ae.

public boolean remove (int n) {
ListItem pred = null, // ykazaTenb Ha NPeNBOyli SJIEMEeHT
current = first; // ykazaresjb Ha TEKyUMil 3JIEMEHT
boolean found = false;
for (; current != null; current = current.next)
if (current.item == n) {
found = true;
count—-; // yMEHbIIaeM KOJIMUYECTBO BJIEMEHTOB
if (pred != null) { // KOpPPEeKIMpyeM CCEUIKY Ha yHAJsAeMbll SJIEMEHT
pred.next = current.next;

}

} else { // mepexomMm K CIEenyKlieMy 3JIEMeHTY
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pred = current;

}

// KOppeKTIMpyeM CCEUIKY Ha [NOCJICIHMI SJIEMEHT. . .
last = pred;

// " BBAEM BO3BpAllAEMOE SHAUEHVE

return found;

}

B kagecTBe mpmMepa ollepallid BCTAaBKHM 3JIEMEHTOB B CITMCOK TIPHBEIEM oTepa-
[IMI0 BCTaBKW 3JIeMEHTA B YIOPSMOUYEeHHBIH crmmcok. MyAKIMS 6ymeT paboTarhb
MTPaBUJILHO, TOJNBKO €CITM 3JEMEHTHI B CITHCKE PACTIONOKEHEBI B TIOPSIKE BO3pac-
tTaHng 3HaveHWIt. [Ipn BcTaBKe aIeMeHTa ToXKe TIPHACTCS KOPPEeKTHPOBATH CCBII-
Ky, COIepsKallyiocss B 3JeMeHTe, TPEeNIIeCTBYIONIEM BCTABISIEMOMY, TTO3TOMY
3Mech, KaK W UTSl oTepalini yomaneHus, B (GYHKITNN WCITONB3YIOTCS TBAa TEKYIITIX
yKasares.

public void insert (int n) {

ListItem pred = null, // SIeMeHT, NpelueCTBYOIMY BCTaBIISEMOMY
succ = first; // BIeMeHT, ClenyluMii 3a BCTaBJIAEMBEM
while (succ != null && succ.item < n) { // nouck mMecra BCTABKU

pred = succ;
succ = succ.next;
}
// TeHepupyeM HOBEII SJIEMEHT :
ListItem newltem = new ListItem(n, succ);
if (succ == null) { // BCTaABISEMBII BJIEMEHT — IIOCJIEeIOHMI
last = newltem;
}
// BCTaBjsgeM HOBLIA SJIEMEHT B CIIMCOK
if (pred == null) {
first = newltem;
} else {
pred.next = newltem;
}
count++;
}
B npuseneHHoli ¢YHKIMM OPOU3BOAUTCA MOUCK IIEPBOrO JIEMEHTA, 3HAYEHME

KOTOPOro He MeHblle aprymeHTa n. Ilociae Toro xak sjneMeHT HaiaeH (Wid oOHA-
pyKeH KOHell CIIMCKA), ITOPOXKIAETCA HOBBIA DIEMEHT CIMCKA M BCTaBKA IPOU3-
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BOIMTCS C MOMOLIBIO U3MEHEHUS] 3HAYEHHUs MOJIS next B IMPEIbIIYIIEM DJIEMEHTe
(M mond first CIMCKA, €CIM MPEIbIIYLIEro dAeMeHTa HeT.

HNuorna kpoMme NMHEWHBIX paccMaTpUBAIOT ellle U Koablegvle chnucku. B Kombliie-
BOM CIIHCKE ITOCJIEIHU 3JIEMEHT COMNCPKUAT yKasareldb Ha mepBblii. O0paboTka
KOJBIIEBLIX CIIMCKOB HE OYEHBb OTIANYAeTCS OT OOpabOTKM JWHEWHBIX CIHCKOB,
OIHAKO HYXKHO aKKypaTHO 00pabaTweiBaTh KOHEI CIHcKa. DTO TpedyeT HOTOTHH-
TEJbHBIX YCWINK TIPW TPOTPaMMHUPOBAHUN W HECKOJBKO 3aMelIsieT 00paboTKy,
HO 3aTO B KOJBIEBBIX CITMCKAX BCE BJIEMEHTHI PABHOIPABHEI, W OO0 M3 HUX
MOXeT OBITh "HasHadeH" TONOBHBIM. Takoe CBOVICTBO KOJBIIEBOTO CITMCKA MOXKET
WCITOIb30BaThCs, HATIpUMEp, B aJITOPUTMAX OOCTY:KWBAHUS HEKOTOPOTO MHOXKECT-
Ba BJIeMEHTA "B TIOPSIIKE OYepenu’.

KpoMme Toro, B mpeacTraBieHUMU CIMCKAa MOXHO BOOOILIE OGOMTHUCH TONIBKO CChLUI-
KO Ha IOCIEIHUIA DJAEMEHT, ITOCKOJBbKY CChUIKY Ha IEPBbIA 2J€MEHT MOXHO
JIETKO U3BJIeub U3 nocliieaHero snemMeHra (puc. 1.2).

]
Y
]
Y

Puc. 1.2. CtpykTypa KOMbLEBOro cnmcka

B nanpHeiiieM crnucku OyayT 4acToO MCIOJb30BATHCSA B KAYECTBE COCTABHBIX Yac-
Telt pasTUIHBIX CTPYKTYp. [Ipm 3TOM 3jeMeHTaMM CITUCKOB OYIyT, Kak TpaBumiIo,
He LeJble YMCIA, KaK B BbILIEIPUBEACHHOM IIpUMepe, a bojiee CIOXHbIE 00beK-
TEl. OmpeaeneHne Kiacca IntList JeTKo 0OOOIINTE Ha Cydyail CITUCKOB M3 MPOo-
MU3BOJIbHBIX OOBEKTOB (Object). Pasymeercs, Takue olepaluu, KaK BCTaBKa B
VIIOPSTIOYEHHBIN CITHCOK, HETIPUMEHNUMEI B OOIIEM cITyyae, OTHAKO OONBITHHCTBO
JIPYTUX METOMOB JIErKO 00OOLIAIOTCS 3aMEHOH KIIOYEBOIo CIOBa int HA Object.
B mamprelieM B MOAOOHBIX cyYasix O6yIeM WCITOTb30BaTh KiTace ObjectList 0e3
JOMOJHUTEIBHOTO ONpeAeaeHUs 2TOro Kiacca.

Yro kacaercsl BCTaBKU (insert) U yaajeHUs] (remove) DAEMEHTOB BHYTPU CIIU-
CKa, To OOBIYHO 3TH OTlepallny 0BODIIAIOTCS CIEAYIONINM 00pa3oM.

IMpu ynameHnW >7eMEHTOB CJeNyeT YyKas3aTh, KAKAE 3JIEMEHTH HeoOXOAUMO yaa-
JIUTh. DTO MOXHO clielaTh ABYMs crnocodaMu. Bo-mepBbiX, MOXHO YIalUTh U3
CITMCKA OOBEKTHI, comep:Kalllie ONpeacAeHHBII OOBEKT, 3aJaHHBIN CCBITKON Ha
yaangemblid. [Ipu sToM peanusalusl METOJA OCTAeTCsl TOUHO TAKOH Xe, TOJIbKO
oTrepallnd CpaBHEHUA TIETBIX 3aMEHsIETCS olepaleil cpaBHeHUs yKasaTteneil. Bo-
BTOPBIX, MOXHO YIAJIUTh BCE OOBEKTbI, 3HAUEHME KOTOPbIX PABHO 33aJaHHOMY.
st cpaBHEHUSI 3HAYCHWH TIPEAYCMOTPEH METOH equals KJacca Object. DTOT
MeTO/, B 0a30BOM Cllyyae TAKXKe 3KBMBAJEHTEH CPABHEHUIO yKasaTeseil, HO MOXeT
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ObITb MepeolpeaeneH Alg Apyrux KiaccoB. Takum odpa3oM, BTOPOK MeTOH SIBJISI-
ercst 6oyiee OOIINM.

an/I BCTAaBKE JJIEMCHTOB IMO3UINIO IS BCTABKM MOXHO YKa3bIBATh CAMBIMU pa3-
HEIMU criocobamu. HambGomee pacrmpoCTpaHCHHBIMU ABIIAIOTCS CICAYIOIINEC:

O BcTaBka nepes yKasaHHbIM DJIEMEHTOM,
O BcTaBka mociie YKa3aHHOTO SJIEMEHTA,
O BcTaBKa B ynopﬂaoqeﬂﬂmﬁ CIIMCOK B COOTBETCTBUU C 3aJaHHBIM ITOPAIKOM.

nOpHI[OK Ha MHOXECTBe OOBEKTOB HEKOTOPOTO KJIacca CYUTACTCA 3adaHHbBIM, €C-
JIN TSl 3TAX OOBEKTOB OTIPEACICHBI OIepall CpaBHCHUS JJICMCHTOB. OOGBIYHO
U CPAaBHEHUS UCTIOJIB3YETCH METOH compareTo, OHpCI[CJTCHHBIﬁ B CTaHOApPTHOM
HHTGp@GﬁCG java.lang.Comparable.'TaKHM'O6paSONg BCTaBKa B YIIOPSIAOYCH-
HBIN CITUCOK OTIpeacicHa, €ClIn O6’I)CKTI)I, COJCpZKalIuecsd B 3TOM CITUCKE B Kaye-
CTBE 3JIEMEHTOB, OYIyT YAOBIETBOPSATH WHTepdelicy Comparable. Peammsanms
METOJIa BCTABKH OCTACTCA TPAKTUYECCKU Oe3 W3MEHEHWS, TOJIBKO BMECTO OIEpa-
O CpaBHCHUS YUCET (<) 6yI[CT HCTIOJIB30BAaTbCSd METOJ compareTo.

MoXHO cYMTaTh, YTO KJIACC ObjectList SBASETCA pealu3allleil ClIeayIolIero
MPOCTOro uHTepdeiica.

public interface IList {

int getCount () ; // 4YUCIO BJIEMEHTOB CIMCKAa

void addFirst (Object item) ; // mOBAaBUTL 3JIEMEHT B HAuaJlo CIMCKAa
void addLast (Object item); // mDOBaBUTH BIJIEMEHT B KOHEL, CINCKAa
Object removeFirst () ; // yIOamuTb TNEepBBII 3JIEMEHT

boolean remove (Object item); // YyOAanmUTh BJIEMEHTH, PAaBHBEE 3alaHHOMY

void insertBefore (Object item); // BCTABUTBL BJIEMEHT Mepel 3alaHHBM
void insertAfter (Object item); // BCTaBUTL BJIEMEHT [OCJE BaJAHHOTO
void insert (Comparable item); // BCTAQBUTBH 3JIEMEHT B YIOPSOOUSHHBIA

// CIOUCOK B COOTBETCTBMU C BaNaHHBEM [NOPSIKOM
Iterator iterator(); // BHEWHWUI UTepaTop CIUCKAa
void iterator (Visitor visitor); // BHYTpeHHWUI UTEepaTop CIMCKA

}

KoneuHo, ucnosnb3oBaHue METOAA BCTABKM B COOTBETCTBUM C IOPSIAKOM DJIeMEH-
TOB B CIMCKE OyIeT KOPPEKTHbIM, TOJbKO €CAH €ro 3JIeMEHTbl NeHCTBUTEIBHO
YIOPSIAOYEHbI. DTO, B YACTHOCTHU, O3HAYAET, YTO OMEepaldMd HAN CIIMCKOM HeJb3s
HCIMOJIb30BaTh B MPOU3BOJBHOM COUYETAHMU: CKAKEM, €CIH Bbl JOOABWIM DJIEMEHT
B KOHEIl CIIMCKA, TO HE CIeAyeT OXUAATh, YTO IOCJE ITOrO Olepalus insert Ka-
KUM-TO 00OpaszoM IpeoOpasyeT CIUMCOK B YIOpIAOuYeHHBIl. B manbHeiileM B
paszo. 3.3 OyayT NpuBeIeHbl ellle OAMH UHTepdeidc U peanusalus cnucka, bojee
MOAXOAMIINE A1 CIy4asl YIOPSIOUEHHBIX CIIUCKOB.
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Ewe omHo 3ameuaHue. Mbl He OyaeM UCIIOJb30BaTh "'CTaHIAPTHBIA" MHTepdeiic
java.util.List (M, COOTBETCTBEHHO, €0 peaju3aluK), IIOCKOAbKY Ha Halil
B3DJISA OTOT uHTepdelic 00ojblie IMOAXOAMT IS IpeacTaBieHus “"MaccHUBO-
noaoOHeIx" (MHIEKCUPYeMbIX) cTpykTyp. Hemapom ogHoil M3 peanusauuil yka-
3aHHOro uHTepdeiica B IaKeTe java.util SBIASETCI "TUOUYHBIA MacCUB" —
java.util.Vector.

1.3. [lepeBba

DreMeHTH MOTYT 00pa3oBLIBaTH U Ooyiee CIIOXKHYIO CTPYKTYPY, YeM JTMHEHHEBIH
crimcok. Yacro mawHBIe, TomIekamne obpaboTKe, oOpasyloT WepapXHIecKyio
CTPYKTYpPY, MOAOOHYI0 M300pakeHHOW Ha puc. 1.3, KoTopylo HE0o6XOINMO OTO-
6pasnTh B TaMATH KOMITHIOTEpa W, COOTBETCTBEHHO, OIMMCATh B CTPYKTYpax JaH-
HBIX. KaXXobiii aIeMeHT Takoi CTPYKTYPHI MOXKET COAepKaTh CCHUTKM Ha 3JIeMeH-
THl Gojiee HU3KOTO YPOBHS MEepapXNi, a MOXET OBITh, M Ha OOBEKT, HAXOMSIINTCS
Ha 6oJTee BEICOKOM YPOBHE MepapXum.

YpoBenb 1 °
Yposens 2 e ° °

s OO @ ®

Puc. 1.3. CtpykTypa nepesa

Ecnu aberparupoBaTbCsl OT KOHKPETHOIO COAEPXKAHUS OOBEKTOB, TO MHOAYIUTCS
MaTeMaTHUecKNi OOBEKT, HA3BIBACMBIN depecom (TOUHEe, KOPHEBBIM IEPEBOM).
Hanum onHO U3 onpeaeaeHUil KOPHEBOIO IepeBa.

KO])H@@bl.M 0epe60M Ha3bIBACTCA MHO2KECTBO 2JIEMEHTOB, B KOTOPOM BbIACJICH OIWUH
QJICMCHT, Ha3bIBAEMBIA KOpHem JEpEBA, a BCEC OCTATbLHLIC 3JIEMCHTLI p336I/ITI)I Ha
HECKOJIbKO HEIICPECCKAIOINUXCA IMOAMHOXKECTB, HAa3bIBACMbBIX IIOJJCPEBbAMU HC-
XOOHOTO IEpEeBA, KAXKIOC N3 KOTOPLIX, B CBOIO OUYEPEADb, €CTh AC€PEBO.

IMpu mpencraBleHNN B TaMATH KOMITBIOTEpa JIeMEHTHI iepeBa (Y3ITbI) CBSI3BIBAIOT
MeXIy co00i TaKuM 00pa3zoM, YTOOBI KaXIbli y3esl (KOTOPbIA COIJACHO ompene-
JIEHWIO 00S3aTeTbHO ABMSETCA KOpPHEM HEKOTOPOTO JiepeBa WM TOamepeBa) OBIT
CBs3aH ¢ KOpHSMM CBOMX HoanepeBbeB. HamGosee pacmpocTpaHEeHHBIMU CIIOCO-
GaMU TpeACTaBIeHNS IepeBa SBISIIOTCS clenyolne Tpyu (T WX KOMOWHAITAN).

IMpu mepBoM crocobe KakabIil y3em (KpoMe KOpHS) COMCPKUT yKasaTesb Ha TO-
POIWBIIIIL €ro y3eN, T. €. Ha BIEMEHT, HaXOAdMIniics Ha Oojee BHICOKOM YPOBHE
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uepapxuu. s KOpHs JepeBa COOTBETCTBYIOLIMI yKa3zareab OyaeT mycTbiM. [lpu
TaKOM CIIocO0e MpencTapaeHus, uMess MHOOPMALMIO O MECTOIONOXEHUHU HEeKO-
TOPOro y3Jia, MOXHO, [IPOC/IEKUBAsL yKa3aTe/ld, [IOIHUMAThCs HAa 6ojiee BBICOKUE
ypoBHU Mepapxuu. K coxaleHuio, 3TOT ¢crnocod IpeicTaBieHus] HEIPUrojieH, ec-
M TpebyeTcsi He TOJbKO "MOAHUMATHLCS BBepX' IO AepeBy, HO U "CIIyCKAThCA
BHM3", U HET BO3MOXHOCTU HE3aBUCHUMO I0JIy4aTh MHOOPMALIUIO O MECTOIOJIO-
JKEHUM Y3J0B gepeBa. TeM He MeHee, Takoe IIPEACTABJIEHUE IEPEeBa UHOINA UC-
[IOJIb3YETCS. B aIfOPUTMAX, L€ [IPOXOXICHUE Y3/I0B BCELAa OCYLIECTBISIETCS B BOC-
xomameM nopsake. IlpenMyluecTBoM Takoro crocoba MpeacTaBleHus Aepesa
SIBJISIETCSL TO, YTO B HEM MCIIOIb3YETCS MMHMMA/IbHOE KOJIMYECTBO [1AMATH, IIPUYEM
[IPAKTUYECKK BCst OHA 3(heKTUBHO UCIIO/b3YETCs ISl IPEACTABIECHUS CBSI3eH.

Bropoit crmocod tipeacTaBieHUsT TIPUMEHSTIOT, €CI KaXKIbIi y3elI AepeBa MMeeT He
Oosee nByX (B Oojee obleM ciydyae — He Oojiee K) mojjepeBbeB. Torma MoXHO
BKJTIOUMTH B MpEACTaBICHNE y3j1a yKa3aTeJIM Ha KOPHU TomaepeBreB. B aTom ciry-
yae JIepeBO Ha3bIBAIOT dgouyHbiM (OWHAPHBIM), a JIBa MOJUIepeBa KaXIOTo y3ja
Ha3BIBAIOT COOTBETCTBEHHO JICBHIM M IIPABLIM MOMISPEBhIMHU 3TOTO y3ia. Pasyme-
eTcsl, y3el MOXeT MMeThb TOJIbKO OJIHO — JIeBoe WJIM TIpaBoe — TMoAIepeBo (3Tu
JIBE CUTyalluM B OWHAPHBIX JEPEBbIX OOBIYHO CUMTAIOTCS] PA3TUYHBIMU) WU MO-
JKeT BOOOIIe He MMETh MOAIEpPeBLeB (M B 3TOM cjydyae y3el Ha3bIBaeTcsd KOHIIE-
BBIM Y3JIOM WJIW JIUCTOM jaepeBa). [Ipn 3ToMm crmocobe mpencTaBiIeHnsT JOCTATOTHO
AMETh CCHUIKY Ha KOpeHb JiepeBa, YTOOBI MMOJIYIUTE AOCTYIT K JII00OMY Y37y Aepe-
Ba, CITyCKasiCh IO YKa3aTelsIM, OJHAKO TaMSITh TIPU TAKOM cItocobe MpeicTaBiie-
HUS UCTIONIB3YETCS HE CTONb 3P PEKTUBHO.

OnucaHue Kjacca OMHAPHOIO OepeBa, COAEpXKAllero IPOM3BONbHBIE OOBEKTHI
Kjlacca Object B y3/1aX, MOXET BbIISAETb, KaK [PEACTaBICHO B juctuHre 1.5
(MeToabl He MOKA3aHBbI).

NuctuHr 1.5. OnpegeneHune knacca Tree

public class Tree ({
// OnpeperneHue kjacca ysja aepesa
public static class Node {
public Object item; // comepximoe y3ia
public Node left = null; // ykaszaresjb Ha JIeBOEe IMOININEPEeBO

public Node right = null; // ykazaresnb Ha IpaBoe IOLAEPEBO

// KOHCTPYKTOPHL y3Jia HepeBa:
// KOHCTPYKTOP JMCTa
public Node (Object item) {

this.item = item;
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// KOHCTPYKTOP MIPOMEXYTOUHOI'O y'3Ja

public Node (Object item, Node left, Node right) {
this.item = item;
this.left = left;
this.right = right;

Node root = null; // KOpeHb mepeBa

3nech KopeHb AepeBa IIPeACTABIEH CChUIKOH root HA JJIEMEHT Kiacca Node
(y3en), a KaxIblil y3e1, B CBOIO O4Yepelb CONEPXKUT ABE CChUIKM HA KOPHU JIEBOIO
U mpaBoro noaaepena (left M right COOTBETCTBEHHO).

Ecniu 6uHapHoe nepeBo uMmeeT N y3JI0B, TO TIPU TAKOM criocobe TipeacTaBIeHUs
BCeT/Ia OCTAIOTCS TYCTBIMU OoJiee TIOJNIOBUHBI yKa3aresael (TouHee, n3 2N ykaszare-
Jiei mycteiMu OynyT N+1 ykazarenb, qokaxkute 370!). TeM He MeHee, Takoe mpe-
CTaBJICHUE SIBISIETCS HACTONBKO YAOOHBIM, UTO MOTEPSIMU TAMSITH OOBIYHO Tpe-
HeOperaroT.

Tperuii crnoco® mpeacTaBaeHus COCTOUT B TOM, UTO B KaxXIOM DJEMEHTE colep-
JKaTcd ABa ykasarens, Mpu4yeM OIMH M3 HMUX CIYXKUT IJId IpeacTaBIeHMs CIIMCKA
MOAAePeBbEB, 4 BTOPOI I CBA3BIBAHUS DJIEMEHTOB B OTOT cnMCOK. PopMaabHO
OIMCcaHue Kjaacca IJI 9TOro MPeACTABICHUS MOXET ObITb TEM K€ CaMbIM, YTO U
Ui cayvas OMHAPHOIO AepeBa, HO CMBICA COAEPXKAIIMXCI B 3TOM ONUCAHUM YKa-
zareneit mensierca. Ilpu TpeTbeM crmocobe MpeacTaBieHus AepeBbeB YaACTO MC-
MOJIb3YeTCs I'eHealoruuecKas TepMUHOMOIMS: Y3/bl, COAepXKAaIlMecd B MOIEPEeBb-
SIX KaXIOro yajaa, Ha3blBalOTCA €r0 HOMOMKAMU, & KOPHU ITHX IIOAISPEBLEB,
pacIoyoXeHHbIE Ha OMHOM YPOBHE UepapXUM, HA3bIBAIOT Opamesmu. DTy TEPMU-
HOJIOI'MIO MOXHO OTPa3uTh B OMMCAHMHU Kiacca, U TOTAA MOdd left U right Oy-
JyT Ha3bIBaThCSl son U brother COOTBETCTBEHHO.

PexkypcuBHYyI0 TIpHpoay AepeBa, OTPAKEHHYIO B €ro OIpeleeHNH, MOXHO BBIpa-
3UTH Oojiee IBHO M B OMMCAHWM KiTacca, ecii B OMMCAHWHM CCBUTOK Ha TIoAmepe-
BbSI BMECTO KJTacca Node MCIONB30BATh OTMHMCATENh Tree. 1OTIA W MHOTHE OoTepa-
MW HaI JePEBOM MOTYT OBITH MTPOCTO BBIPAKEHBI B BUIEC PEKYPCUBHBIX (DYHKITNIA.
OmnpenennM, HaTIpUMep, METON JIJIST BEIYUCICHUS BBICOTHI OMHApHOTO mepeBa. Bbi-
comoii OMHAPHOTO JIepeBa HA30BEM MaKCHMATBHOE YHCIIO Y3JIOB, KOTOPOE MOXET
BCTPETUTHCSA Ha TIYTW M3 KOPHS JiepeBa B HEKOTOPBIN APYTOif y3em, TP YCIOBUN,
YTO 3TOT TMYTh MPOXOIUT TOIBKO TIO CBSI3aHHBIM MEXIy coOOi y3aaM W HHUKOTAa
He TIPOXOJINT IBAKILI Yepe3 OMWH W TOT 3Ke y3ell.
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